AppendixB Image Degradation
The detailed mechanisms by which images are degraded are, of course, dependent on the imaging modality. There are, however, a number of important classes of degradation and these will now be discussed. It is important to note that some forms of degradation are reversible while others are not.
B.I Spatial Resolution
In general, the signal detected at each point in an image is significantly correlated to those at nearby points and this effect limits the degree to which the detailed structure of the subject is recorded since these correlations tend to "blur" the image. The interaction between signals detected at nearby points, commonly referred to as the spatial resolution of an imaging system, can arise in a number of ways. For example, in conventional projection radiography, finite focal spot size and energy dispersion in the detector both contribute to loss of detail. In scintigraphy, the overlapping penumbra of adjacent collimator holes and uncertainty in the computation of position lead to a similar effect. In principle, lost detail can be substantially recovered if the nature of the degradation process is known, but the practicality of this approach is limited in the presence of noise.
B.2 Noise
Real imaging systems introduce a random, or noise, component into the acquired data. The uncertainty this represents can arise from fundamental physical limitations such as statistical fluctuations of the x-ray photon flux in conventional radiology or thermal background in magnetic resonance imaging. Noise can arise from instrumental factors such as the incomplete detection of the available signal or electronic/thermal noise in the detector system. Because of its random nature, the presence of noise fundamentally limits the degree to which knowledge of the subject can be recovered from the acquired data. The extent to which information will be lost by an imaging system can be analyzed by modelling the behavior of both the true signal and the noise. Such models can, in principle, also be used to partially correct for noise degradation by computing the most probable distribution from the observed data.
B.3 Geometric Distortion
Many image systems fail to preserve a simple geometrical relationship between the acquired data and the subject under investigation. For example, an image intensifier x-ray system may introduce pincushion distortion while refraction at surfaces can alter the geometry of ultrasound images. Predictable geometric distortion is not particularly serious since it can be easily corrected if exact knowledge of geometry is important to the application. Distortion which can vary with time, or which is dependent on the subject, is difficult to correct and may render quantitative analysis impractical.
BA Point Intensity Distortion
An imaging system requires a means of detecting the spatial distribution of signals from the subject. Preferably a detector would give a response proportional to the signal it receives, but many detectors achieve this, at best, for only a limited range of signal magnitude. For example, direct x-ray film may record a density proportional to x-ray exposure, but only up to some critical point beyond which the recorded density becomes steadily less sensitive to additional exposure. In addition, the response characteristics may vary from one part of the detector system to another. For example, a scintillation camera image of a uniform radioactive source will generally demonstrate non-uniformity. For applications where a knowledge of signal intensity is important, it is often possible to use a calibration object to establish the response characteristic at each point in the detector so that the ideal-detector data can be calculated from the observed data.
B.5 Quantization
Imaging systems, in general, do not work with continuous data. Sensed data and displayed images are normally represented by associating one of a finite number of intensity levels with each set of spatial samples. This is even true for x-ray film which is composed of silver halide grains, each of which, after exposure to radiation and development, can be either opaque or transparent. In digital systems (x-ray CT, MRI, digital subtraction angiograhy, etc.) intensity values are stored with limited numerical resolution for a regular array of sample points (pixels). The process of spatial and intensity quantization can lead to irretrievable loss of information. There are welldefined rules that specify the conditions which must be met in order to avoid such information loss, and it is essential that they be observed (see, e.g., Pratt, 1991) .
B.6 Mismatch to the Observer
The output of a medical imaging system is generally a display which is viewed by clinicians. Both live (video) and hard copy displays are used. It is quite common for information which has been successfully acquired to be lost to the observer at this stage due to a failure to match the characteristics of the display to the sensory system of the user. Amongst the more obvious mechanisms for information loss are false contouring, due to a failure to correctly interpolate sampled data, and mismatch in the spatial or intensity dynamic range.
B.7 Conclusion
Geometrical distortion, point intensity distortion and quantization loss can often either be relatively easily corrected or substantially avoided by careful system design. In contrast, the effects of spatial correlation, noise and mismatch to the observer are more fundamental. Thus, most studies of image quality deal with their effect.
